ATCC, American Type Culture Collection, Rockville, Md.; D.J.G., D. J. Grimes. " Sediment from oxidation pond at Riverside Park, Federal Fish Control Laboratory, U.S. Fish and Wildlife Service, La Crosse, Wis.
' Water from navigation pool on the Upper Mississippi River.
type strain of this species. This new genus is named in honor of Otto Voges, who first isolated [Bacillus indigoferus] on gelatin plates inoculated with tap water from the central water supply system in Gel, Germany, in 1893 (47). The remaining 14 strains which we studied are also placed in the genus Vogesella, but they cannot be classified as members of 1.: indigofera or any other species until DNA-DNA hybridization studies are performed.
MATERIALS AND METHODS
Source of strains. All isolates were picked from spread plates containing water and sediment samples on plate count agar (PCA) (Difco Laboratories, Detroit, Mich.) and incubated at 20 to 25°C. Pure cultures were maintained in the following two ways: (i) in deeps of 0.5X plate count broth (Difco) stiffened with 0.39% agar (Difco) and stored at room temperature (ca. 20°C); and (ii) frozen (under liquid nitrogen) in tryptic soy broth (Difco) containing 5% glycerol. Cultures maintained in soft agar deeps have remained viable and culturable for more than 10 years. Reference strains were obtained from the American Type Culture Collection, Rockville, Md., and were maintained in a similar manner. The freshwatcr isolates and reference strains used in this study are listed in Table  1 .
Morphological tests. All colonial and cellular morphological investigations were conducted by using standard procedures (8, 10, 13, 20, 44) . Flagellation was determined by the method of Mayfield and h i s s (31). The media used to stimulate pigmentation were blood agar, chocolate agar, chalk agar (45), tryptic soy agar (Difco) supplemented with hemoglobin (Difco), Mueller-Hinton agar (Difco), Thayer-Martin agar, milk agar, PCA (Difco) supplemented with 1% Tween 80 (Difco), spirit blue agar (Difco) supplemented with corn oil (Mazola), PLwudomonus agar F (Difco), and Pseudomonas agar P (Difco). The presence of poly-P-hydroxybutyrate (PHB) granules was determined by staining nitrogenlimited cells (grown on agar containing 2 g of C per liter and 0.02 g of N per liter) and PCA-grown cells with Sudan black B, followed by xylene clearing and safranin counterstaining (13) .
Biochemical tests. Unless otherwise indicated, biochemical tests were done in accordance with methods described in standard reference manuals (8, 10, 13, 20, 44) , and media and peptones were obtained from Difco Laboratories. Indole production was detected in both 1% tryptone broth and SIM medium. Citrate utilization was investigated by using Simmons citrate agar, and Christensen urea agar was used to assay for urcase. Production of H,S was determined in both SIM medium and Kligler's iron agar. Nitrate reduction and denitrification were examined by using a medium described by Elliott et al. (lo) , and Durham vials were used to capture nitrogen gas; commercial nitrate broth (Difco) consistently gave negative reactions and was not used. Decarboxylation of amino acids (Sigma Chemical Co., St. Louis, Mo.) was investigated by using Moeller base, and all tubes were layered with sterile mineral oil. Oxidase was detected by the indophenol oxidase test (10, 36), as applied to early or crowded agar growth. Both early (<18-h) and crowded agar growth exhibited little or no blue pigmentation that could have interfered with oxidase testing. Chitinase was detected with a medium described by West and Colwell (49) , but the salt concentration was limited to 0.5%; the assay medium used for pectinase contained (per liter of distilled H,O) 5 g of tryptone, 2.5 g of yeast extract, 1 g of glucose, 1 g of CaCI, -H,O, 5 g of Na,HPO,, 25 mg of bromothymol blue, 50 g of pectin, and enough 4 N KOH to give a final pH of 7.5. Esculin hydrolysis, acylamidase activity, and gluconate oxidation were investigated by using the methods of Elliott et al. (10) . Temperature, pH, NaCI, and FeCI, tolerance tests were all conducted with PCA (0.2% agar) as the basal medium. Before a strain was considered positive for growth at a particular temperature, pH, or salt concentration, it had to exhibit growth in each of three serial transfers in the same medium under the same incubation conditions. For the temperature tests, either water baths or heat blocks were used to ensure uniform and constant temperatures.
Numerical taxonomy. The results of the morphological and biochemical tests were analyzed by numerical taxonomy (41). The binary data were coded (0, negative; 1, positive; 9, not done or no growth) and placed into an n-X-t (character-x-operational taxonomic unit [OTU] ) data matrix file; the resulting data file contained 82 characters (i.e., tests) and 22 OTUs. Similarity coefficients were calculated by using the simple matching (SsM) and Jaccard (S,) equations available in the PC-TAXAN numerical taxonomy program (release 2.0; University of Maryland Biotechnology Institute, University of Maryland System, College Park). Clustering was done by the unweighted pair group mathematical averaging (UPGMA) method, which is also available in PC-TAXAN.
DNA extraction and analysis. DNAs were extracted from 13 strains ([P.] indigofera 19706= and ATCC 14036, strains JG3, JG5, JG6, JG7, JG9, JG10, JG11, JG12, JG13, JG15, and JG17, and Pseudomonas aeruginosa ATCC 10145T) by the method of Marmur (29), modified as described previously (15) . Each DNA was dialyzed at 4"C, and at least three optical melting curve midpoints (T,,,) were determined for each DNA extract in 0.2X SSC (1X SSC is 0.15 M NaCl plus 0.015 M sodium citrate) with a model 2600-XY spectrophotometer (Gilford, Oberlin, Ohio) by using DNA from ATCC 10145T as the reference (G+C content, 67.0 mol%). The results of the T, determinations were converted to G + C contents (30) and mathematically averaged for each strain. The presence of plasmid DNA was investigated by using the method of Kado and Liu (19) , as modified by Mach and Grimes (27) 19706' and Chromobacterium violaceum ATCC 12472T were isolated by the phenol method and were purified by electrophoresis on a thiol-soluble acrylamide gel containing bis-acrylylcystamine (Bio-Rad Laboratories, Richmond, Calif.) by using methods described by Hansen (16) . The nucleotide base sequence of 3' (and 5') 32P-labeled 5s rRNA was determined by an expanded enzymatic method (23, 24) . The terminal base was identified by autoradiography after exhaustive digestion (with nucleases T, and P, for the 3'-and 5'-terminal nucleotides, respectively) of "P-labeled 5s rRNA, followed by resolution of the resulting monophosphates on polyethyleneimine-cellulose thin-layer plates by the thin-layer chromatography methods of Randerath and Randerath (38) (50) , and sequences were determined by the dideoxynucleotide chain termination method adapted for direct rRNA sequencing in which reverse transcriptase is used (2, 22) . Synthesized strands were labeled by including "S-a-thio-dATP (2). A standard set of eubacterium-specific primers (48) was used to sequence the 16s rRNAs. More than 9.5% of the sequence of the [P.] indigoferu type strain was determined. Only partial sequences (-540 nucleotides) of the remaining strains, which are all closely related to [P.] indigofera ATCC 1 9706T, were determined. For data alignment and analysis we used various functions of the Ribosomal Database Project server at the University of Illinois (28). Thc alignment chosen was obtained from the E-mail server by using its SUB-ALIGN function, the [P.] indigofera ATCC 19706= sequence was placed into the alignment by using the server's ALIGN-SEQUENCE function, and a maximum-likelihood tree was produced with the server's SUGGEST-TREE function (35). Evolutionary distances were generated by using the Jukes-Cantor correction (18) , as modified by Olsen (34a) . A tree based on these distances was generated by using the least-squares additive algorithm of De Soete (5).
Pure-carbon-source studies. Single-carbon-source utilization was investigated by spot inoculating (model A400 multipoint inoculator; Denley, Sussex, England) faintly turbid suspensions (0.85% NaCl) of each strain onto plates of minimal medium containing carbon sources at a concentration of 1% (wt/vol). Nucleotide sequence accession number. The GenBank accession number for the 16s rRNA sequence of strain ATCC 19706T is U45995.
RESULTS AND DISCUSSION
Cellular and colonial morphology. V indigofera gen. nov., comb. nov. and the other members of the genus Vogesella are gram-negative eubacteria that form rods (average dimensions, 0.5 by 3.5 pm) and occur primarily as individual bacilli, but also as pairs of rods and short chains; occasional vibrioid rods are also observed. When grown on the nitrogen-limiting agar (2 g of C per liter and 0.02 g of N per liter) used for PHB analysis, most strains form filamentous rods and long chains. All of the Vogesellu strains are motile by means of a single polar flagellum and exhibit very rapid darting or zig-zagging motility. When grown in nitrogen-limiting medium, cells stained with Sudan black B exhibit extensive PHB granule formation; cells grown on PCA have markedly less PHB deposition. Other types of inclusion bodies have not been detected.
The colors of the colonies formed by V indigofera and the other Vogesella strains are striking; the colonies begin as translucent slightly yellowish colonies at early stages of growth (ie., 16 to 20 h), then assume a faint bluish hue (24 h), and finally become a very deep royal blue with a metallic copper-colored sheen (36 to 48 h). Examination of metallic-blue colonies with a dissecting microscope revealed the presence of bluish crystals, which presumably are excess pigment that accumulates in the colonies. When a colony is removed from an agar plate, a blue imprint or stain is left in the agar, a phenomenon that has been described by other workers (32, 45). The colonies themselves are round, entire, raised, smooth, and shiny; they are approximately 1 mm in diameter (uncrowded growth) after 24 h and 2 mm in diameter after 48 h and reach a maximum diameter of ca. 10 mm after 1 to 2 weeks. Old colonies tend to have cream to yellowish edges and blue centers. On most agar media, the agar under and in the vicinity of growth becomes slightly straw yellow and may exhibit weak fluorescence (yellow-green) under shortwave UV light. The colonies formed by Vogesella strains did not resemble the colonies of any Pseudomonas sp., including Pseudomonas lemonnieri ATCC 12983 (45). Media which have been found to support abundant blue pigmentation include PCA, Thayer-Martin agar, chocolate agar, blood agar, Pseudomonas F agar, and, especially, chalk agar (45). Media which enhanced blue pigmentation were corn oil agar and PCA enriched with 1% (vol/vol) glycerol; the latter medium yielded colonies with a metallic copper sheen and a reddish hue. It was observed during the pH tolerance tests that slightly acid conditions (ca. pH 6.5) favored pigment production on PCA. R2A agar (Difco) did not support good growth of Vogesellu strains, and pigment production was abnormal for all of the strains tested on this medium except the P. aeruginosu and Pseudomonas putidu strains. When grown on PCA enriched with 1% (vol/vol) Tween 80, all of the Vogesella strains formed a purple pigment that was visually indistinguishable from the pigment of Chromobacterium violaceurn ATCC 12472T and Junthinobacterium lividum ATCC 12473T grown on the same medium. Several pure carbon sources also supported blue pigmentation of the Vogesella strains, especially putrescine, proline, histidine, and L-and D-alanine.
Pyridine extracts of [P.] indigofera (strain ATCC 19706T)
and "P. aenacuerulea" (strain JG3) were found to be identical (19a) based on the results of an infrared spectral analysis (from 850 to 4,000 cm-') of the extracts. The two spectra were similar to the spectrum published by Kuhn et al. (21) , and they also resembled spectra published by Norton and Jones (34) . Extraction of chalk agar growth with 1 N NaOH produced an immediate blue-purple liquid that faded to yellow, which is also consistent with the observation of Kuhn et al. (21) . In addition, by using sonication and the cell envelope dissection technique developed by Forsberg et al. (12) and modified by Rayman and MacLeod (39), it was shown that the blue pigment was localized within the cytoplasmic membrane (19a). Other bacteria (Arthrubacter spp., Colynebacterium insidiosum, and Erwiniu chlysanthemi) also form the same blue pigment, which has been identified as indigoidine (C,,H,N,O, or $5'-diamino-4,4'-dihydroxy-3,3'-diazadiphenoquinone-[2,2']), a water-insoluble bipyridyl compound (21). In E. chrysunthemi, indigoidine production is easily lost and the locus for indigoidine is chromosomal and linked to the locus for arginine synthesis (3). Indigoidine production is a stable attribute of the strains examined in the present study.
Metabolic characteristics and cluster analysis. The 15 Vogesellu strains displayed a metabolism typical of many nonfermentative gram-negative rods (Table 2) . Specifically, they were capable of catabolizing a few monosaccharides under aerobic conditions, but not under low-oxygen conditions (i.e., in oilcovered oxidation-fermentation [OF] tubes). Starch was not hydrolyzed, and the strains did not appear to be lipolytic (Table 2). In addition, neither pectin nor sugars associated with pectin (i.e., arabinose and galactose) were metabolized. The Vogesella strains did not appear to derive nutrition from proteins, as shown by their inability to hydrolyze casein and gelatin; however, several amino acids and peptides were utilized, although they were not decarboxylated. Unlike most pseudomonads, which catabolize tryptophan by first cleaving the pyrrole ring, all of the Vogesella strains tested produced indole; in fact, agar plate cultures containing peptides high in tryptophan always smelled strongly of this heterocyclic compound. Ensley et al. (11) proposed a pathway for synthesis of indigo from indole; however, the bipyridyl pigment indigoidine is structurally distinct from indigo. All of the Vogesella strains were ca- Table 1 ).
' The values are the percentages of the 15 strains tested that gave a positive reaction.
' f, positive reaction; -, negative reaction; ND, not done.
Fluorescence on chalk agar (45) with short-wavelength UV illumination. All Vogesella strains exhibited very weak fluorescence.
ONPG, o-nitrophenyl-p-D-galactopyranoside.
Result for open reactionhesult for covered reaction. A! Only 10 Vogesella strains (ATCC 19706=, JG3, JG5, JG6, JG7, JG9, JG10, JG11, JG12, JG13) were used in the single-carbon-source utilization tests.
pable of denitrification, and all but one (JG9) utilized most of the single carbon sources tested. In general, there are few major metabolic differences between the two [P.] indigofera reference strains and the 13 isolates which we studied (Table   The results of the cluster analysis of similarity coefficients (SSM) calculated for the 82 morphological and biochemical characteristics of the 22 OTUs studied are shown in Fig. 1 . The 15 Vogesella strains, including type strain ATCC 19706T of V indigofera, clustered tightly at 90.0% similarity (SSM) and were not closely related to any other strains or clusters. Phenotypically, the Vogesella strains were most closely related to Burkholderia cepacia ATCC 25416T, J. lividum ATCC 12437T, and the Pseudomonas type strains tested (S, , , 73.6%) and only distantly related to Chrornobacterium violaceum ATCC 12472T (S, , , 68.6%). Interestingly, the fluorescent pseudomonads clustered at an SSM value of 83.9%; this phenon represents the Pseudornonasfluorescens rRNA branch of De Vos et al. (7) and the fluorescent species belonging to rRNA group I of Palleroni When the results of the 17 pure-carbon-source tests ( Table  2) were removed from the data matrix and the UPGMA cluster analysis of S,, similarity coefficients was replotted, few changes resulted (data not shown). The 15 Vogesella strains clustered at an SSM value of 91.6% and grouped with B. cepacia, J. lividurn, and the Pseudomonas species at an S, , value of 73.5%. The fluorescent pseudomonads clustered together at an S,, value of 83.4%, and Chrornobacterium violaceum was related to all of the other OTUs at an S, , value of 68.7%. A cluster analysis of the similarity coefficients calculated by using the S, equation resulted in identical relative relationships, but lower levels of similarity (data not shown). We concluded that the morphological and biochemical tests that were not done (Table 2) 
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DNA analysis. The results of the thermal denaturation (T,)
studies of the Vogesella strains are presented in Table 3 . The overall average G + C content (based on 70 melts) was 67.6 mol%, and the standard deviation was 0.9 mol%. The value determined for I/. indigofera ATCC 19706T was 65.4 mol% (standard deviation, 0.2 mol%). These values were somewhat higher than the value cited by Palleroni (36) (64.3 mol%) and the values reported by Kolar (19a) . The values reported for section I Pseudomonas species (rRNA superfamily I) ranged from 59.4 to 68 mol% G + C (36), with P. aeruginosa strains having the highest values. Chromobacterium G + C contents have been reported to range from 65.2 to 67.2 mol%, Janthinobacterium G + C contents range from 61.2 to 66.1 mol%, and the values that have been reported for B. cepacia are 67.5 mol% (4) and 66.6 mol% (51). Plasmids were not observed in any of the Vogesella strains under the extraction and detection conditions employed in this study. 5s rRNA analysis. Results of the 5s rRNA studies are presented for two reasons. These studies were initiated in the early 1980s, before 16s rRNA sequencing techniques and the associated database were available. In addition, 5s rRNA analysis continues to be a useful tool for differentiating strains (26, 46) . A comparison of the 5s rRNA nucleotide base sequence of I.:
indigofera ATCC 19706T with published sequences of other eubacterial species indicated that K indigofera was phylogenetically distinct from the genus Pseudomonas sensu stricto (6), as represented by P. aeruginosa, P. jluorescens, and P. putidu. Species belonging to the phylogenetically valid genus Pseudomonas are members of rRNA superfamily I (6), which constitutes a large portion of the gamma subdivision of the Proteobacteria (33, 43). De Vos et al. (7) have recommended that only the P. Jluorescens rRNA branch be retained within the genus Pseudomonas sensu stricto. However, the sequence of the 5s rRNA of V indigofera is typical of sequences of members of rRNA superfamily I11 (beta subdivision of the Proteobacteria), which includes the genera Neisseria, Chromobacterium, and Janthinobacterium, some members of the Pseudomonas solanacearum complex (6) now reclassified as several Burkholderia (14) and Ralstonia (51) species, and the genera Aquaspirillum and Prolinoborus (37). Finally, the I/; indigofera sequence exhibits substantial homology with the 5s rRNA sequence of B. cepacia (42). Figure 2 shows a rooted tree that placed I/. indigofera ATCC 19706T on a branch with other members of the beta subdivision of the Proteobucteria, and the taxon most closely related to V indigofera was Chromobactenum violaceum. 16s rRNA analysis. All of the strains examined for 16s rRNA similarity were found to be closely related. Strains ATCC 35906 and ATCC 35907 (oxidation pond and Mississippi River isolates) were indistinguishable from the type strain (ATCC 19706, the only strain whose complete sequence was determined), while strains ATCC 35908 and ATCC 35909 (Potomac River isolates) differed from the type strain at only two and three positions, respectively (i.e., roughly a 0.5% difference). A phylogenetic tree produced by a maximum-likelihood analysis of representative species belonging to the beta subdivision of the Proteobacteria (see Materials and Methods) is shown in Fig. 3 . An evolutionary distance tree (see Materials and Methods) had in essence the same branching pattern as the tree shown in Fig. 3 (data not shown) . The conclusion which we reached was that V. [P.] indigofera ATCC 1 9706T and the other Vogesella strains are close relatives of Chromobacterium violaceum, but sufficiently distinct to warrant placement in a new genus.
The results of the phenotypic (Table 2 and Fig. 1 ) and genotypic (Table 3 and Fig. 2 and 3 ) analyses reinforced each other and the conclusion that [P.] indigofera should be reclassified. Phenotypically, the 15 Vogesella strains closely resembled members of the genus Pseudomonas sensu stricto and B.
[P.] cepacia (S,,, 73.6%), which is the reason that all of these organisms were initially classified with the aerobic pseudomonads (44). Both Vogesella spp. and Pseudomonas spp. are gram-negative, polarly flagellated rods that respire a wide variety of organic compounds by using oxygen as the terminal acceptor of electrons. Nitrate is reduced to nitrite by many pseudomonads and is reduced to N, by P. aeruginosa ( Table 2) ; all of the Vogesellu strains tested also reduced nitrate to N, (Table 2) . Like the pseudomonads, the Vogesella strains tested were oxidase and catalase positive and did not require complex co. acidovorans
Evolutionary distances derived from differences in the 5s rRNA sequences of 22 bacterial species. The rooted tree was generated by using the KITSCH routine of PHYLIP (1 la, 23) . Abbreviations: STONER, estuarine isolate Stoner; PS-60, Pseudomonas sp. strain ATCC 31461; REGI, Odontella regia symbiont (22); AEi27, Xanthomonas sp. strain AB27; JT2, Pseudomonas sp. strain JT2. E266, estuarine pseudomonad strain E266; A ., Azotobacter; P., Pseudomonas; St., Stenotrophomonas; I., Iodobacter; B., Burkholderia; Co., Comamonas; V., Vogesella; C., Chromobacterium; Chr., Chromatium. IP : N., Neissc)ria; K., Kingella; E., Eikenella; I., Iodobacter; R., Ruhrivivm; B., Burkholderia: A., Alcaligenes; Rc., Rhodocyclus; Nrn., Nitrosornonas; G., Gallionella; M., Metliylornonas; Ch., Chromatiurn. growth factors. Chromobacterium violaceum also has these general traits, but differs by fermenting certain sugars and by decarboxylating arginine, among other things. Nitrate was reduced to nongaseous products by Chrornobacterium violaceum, which is consistent with the observation of Bazylinski et al. (la) . While these differences are not great, there is only 68.6% similarity (SsM) between Chromobacterium violaceum and the other 21 OTUs tested in this study (Fig. 1) . Analyses of the 5s rRNA and 16s rRNA nucleotide base sequences of [P.] indigofera ATCC 19706T placed this strain in the beta subdivision of the Proteobacteria and revealed a close relationship with Chromobacterium violaceum ATCC 12472T. These findings prompted us to recommend that [P.] indigofera be reclassified. All strains of the indigoidine-producing pseudomonads that were tested are closely related to one another, based on both phenotypic and genotypic evidence, and so are placed in a new genus, the genus Vogesella.
The composition of the beta subdivision of the Proteobacteria is undergoing substantial change, as early classifications based solely on phenotypic similarities are yielding to polyphasic approaches (4, 14, 37, 43, 51) . The results of this study provided evidence for including yet another new genus in the beta subdivision of the Proteobacteria. Perusal of the trees prepared by Gillis et al. (14) and Pot et al. (37) reveals that many members of this phylogenetic group share key phenotypic characteristics and that many were previously classified in the genus Pseudomonas. We recommend that the genus Vogesella also be included in this group, and we encourage other investigators to include the 16s rRNA sequence of V. indigofera in their comparative analyses. Further classification of the Vogesella strains must await DNA-DNA hybridization studies.
Description of Vogesella gen. nov. Vogesella (Vo.ges.el'la. German proper name Voges; M.L. dim. ending -ella; M.L. fem. n. Vogesella, named for Otto Voges to honor his original isolation of [Bacillus indigofems] on gelatin plates inoculated with tap water from the central water supply system in Kiel, Germany, in 1893 [47] ). Gram-negative, rod-shaped eubacteria. The average cell dimensions are 0.5 by 3.5 pm. Cells occur primarily as individual bacilli, but also as pairs of rods and short chains; occasional vibrioid rods are also observed. When grown on nitrogen-limiting agar, most strains form filamentous rods and long chains, and there is evidence of extensive PHB granule formation; cells grown on PCA have markedly less PHB deposition. Other types of inclusion bodies have not been detected. Motile by means of a single polar flagellum; the cells exhibit very rapid darting or zig-zagging motility. The colors of colonies formed by Vogesella strains are striking; the colonies begin as translucent slightly yellowish colonies at early stages of growth (Le., 16 to 20 h), then assume a faint bluish hue (24 h), and finally become a very deep royal blue with a metallic copper-colored sheen (36 to 48 h). The basis for this blue color is indigoidine (C, oHsN,O, or 5,5'-diamino-4,4'-dihydroxy-3,3 '-diazadiphenoquinone-[ 2,2']). Vogesella strains are nonfermentative; they catabolize a few monosaccharides under aerobic conditions, but not under low-oxygen conditions. Starch is not hydrolyzed, and neither pectin nor sugars associated with pectin (i.e., arabinose and galactose) are metabolized. Vogesella strains are not lipolytic and are not able to hydrolyze casein and gelatin; several amino acids and peptides are utilized, although they are not decarboxylated. Indole is produced from tryptophan catabolism, and Vogesella strains are capable of denitrification. Citrate is utilized, and a wide variety of single carbon sources support growth. Thermal denaturation (T,) studies (based on 70 melts) of Vogesella DNA have shown that the G + C content range for the genus is 65.4 to 68.8 mol%.
The results of analyses of ribonucleotides (5s and 16s rRNAs) place Vogesella on a branch with other members of the beta subdivision of the Proteobacteria, closely related to the genus Chromobacterium. Four Vogesella strains isolated in this study have been deposited in the American Type Culture Collection (ATCC 35906, ATCC 35907, ATCC 35908, and ATCC 35909) . The type species is V; indigofera.
Description of Vogesella indigofera gen. nov., comb. nov. Vogesella indigofera (in.di.go'fe.ra. Fr. indigo, the dye indigo [from India]; L. suff. -fer, from L. v. fero, to bear; M.L. adj. indigofera, bearing indigo) is a gram-negative, rod-shaped eubacterium whose average dimensions are 0.5 by 3.5 pm. The cells occur primarily as individual bacilli, but they also occur as pairs of rods and short chains; occasional vibrioid rods are also observed. When the organism is grown on nitrogen-limiting agar, filamentous rods and long chains are formed, and there is evidence of extensive PHB granule formation; cells grown on PCA have markedly less PHB deposition. Other types of inclusion bodies have not been detected. V indigofera is motile by means of a single polar flagellum and exhibits very rapid darting or zig-zagging motility. The colors of colonies formed by V; indigofera are striking; the colonies begin as translucent slightly yellowish colonies at early stages of growth (i.e., 16 to 20 h), then assume a faint bluish hue (24 h), and finally become a very deep royal blue with a metallic copper-colored sheen (36 to 48 h). The basis for this blue color is indigoidine (CloH8N,0, or 5,5'-diamino-4,4'-dihydroxy-3,3'-diazadiphenoquinone-[2,2']). V. indigofera is nonfermentative; it catabolizes a few monosaccharides under aerobic conditions, but not under low-oxygen conditions. Starch is not hydrolyzed, and neither pectin nor sugars associated with pectin (ie., arabinose and galactose) are metabolized. V. indigofera is not lipolytic, and it is not able to hydrolyze casein and gelatin; several amino acids and peptides are utilized, although they are not decarboxylated. Indole is produced from tryptophan catabolism, and V; indigofera is capable of denitrification. Citrate is utilized, and a wide variety of single carbon sources support growth. Thermal denaturation (T,) studies of I/. indigofera have shown that the mean G+C content (based on six melts) is 65.4 mol% (standard deviation, 0.2 mol%). The results of analyses of ribonucleotides (5s and 16s rRNAs) place K indigofera on a branch with other members of the beta subdivision of the Proteobacteria, closely related to the genus Chromobacteriurn. The type strain is I/. indigofera ATCC 19706.
